Silicone and latex coatings applied to leaves have been used by other workers for the purpose of reducing transpiration of plants. The use of similar leaf coatings was studied by the authors for the purpose of reducing foliar chloride uptake from brackish water used for sprinkler irrigation. Significant reductions in foliar chloride uptake during sprinkling with NaCI solution were obtained by coating citrus leaves with acrylic polymer latex. The use of silicones to reduce foliar chloride uptake was not successful.
INTRODUCTION AND REVIEW
DETRIMENTAL EFFECTS of foliar-absorbed chloride following sprinkler irrigation with brackish water have been reported by Eaton and Harding (1959) , 2 Ehlig and Bernstein (1959) , Harding, Miller and Fireman (1958) , Heimann and Ratner (1965) , Mungomery (1959) , and Smith (1963) . Various methods have been proposed for reducing or avoiding such damage. Chloride uptake and associated damage may possibly be reduced by sprinkling at night (Eaton and Harding, 1959; Ehlig and Bernstein, 1959; Heimann and Ratner, 1965; Malcolm, 1967; Mungomery, 1959; and Smith, 1963) . This may be due to less evaporation (Eaton and Harding, 1959; Smith, 1963) or to stomatal closure (Malcolm, 1967) . The method of sprinkling is also important-thus, lowangle sprinklers may be used to prevent contact of water with foliage (Jones, 1966) . Where this is impractical, continuousrather than intermittent sprinklers may be used (Eaton and Harding, 1959, and Smith, 1963) , or speed of rotation may be increased (Stolzy, et al., 1966) thereby reducing opportunity for evaporation or perhaps decreasing the period for which the leaf is wet. Benefits have also been reported in the literature from addition of potassium to the irrigation water to achieve a more favorable ratio of Na:K in the water (Heimann and Ratner, 1965) .
No previous reports are known on attemped amelioration by artificial leaf coating, although crop-growing with poor-quality water under conditions suitable for sprinkler irrigation is becoming more and more common. Additionally, increased demand for water favours the more economical usage possible with sprinklers (Frost and Rodney, 1964) , the more so as yield increases in some crops are reported after changing from surface to sprinkler irrigation (Cox, 1964; Frost and Rodney, 1964) . It is therefore of interest to investigate whether artificial leaf coatings will reduce foliar salt uptake, and whether some coating materials may also be useful as antitranspirants.
Mechanism of ion uptake during sprinkling. This has received scant attention. Sodium, boron, and choride are all known to be accumulated to toxic levels from waters containing relatively low concentrations (Ehlig and Bernstein, 1959; Harding, Miller and Fireman, 1958; Smith, 1963; Stolzy, Harding and Branson, 1966) . Rate of uptake is roughly proportional to concentration of the sprinkling solution (Eaton and Harding, 1959; Smith, 1963) and is linear with time (Ehlig and Bernstein, 1959) . Accumulation may occur against 11-to 14-fold concentration gradients; it is selective, and in some cases it may be influenced for a given ion by changt Submitted for publication June 1, 1967. 2 See "References" for publications referred to in text by author and date. [ 69 ] ing the associated cation or anion (Ehlig and Bernstein, 1959) . There are considerable differences between species in ability of leaves to accumulate (or to exclude) dissolved ions; such differences are perhaps, related to differences in leaf wettability (Ehlig and Bernstein, 1959) . Thus it appears that foliar uptake of ions during sprinkling follows principles similar to foliar uptake of nutrients .
To deduce how absorption may best be reduced or prevented, factors affecting foliar absorption of ions from solution must be closely studied. Low uptake of Na and 01 in avocado was suspected of being associated with the nonwettable nature of the leaf surface (Ehlig and Bernstein, 1959) . Moreover, there are many studies reported in which surfactants were used to increase penetration of foliar-applied nutrients or herbicides (Foy, 1962; Koontz and Biddulph, 1957; Parr and Norman, 1965: ,\Talli-han, Embleton and Sharpless, 1964) . Wettability of plant leaves is associated with presence of the wax layer (Mueller, Carr and Loomis, 1954; Silva-Fernandes, 1965) , its chemical nature (Brieskorn, Briner and Leiner, 1954; Fogg, 1948; Silva-Fernandes, 1964 and 1965) , and its degree of roughness (Fogg,1948; Silva-Fernandes, 1964 and 1965) . These may in turn be influenced by leaf turgor (Fogg, 1947) . Individual leaves vary greatly in wettability with side, age, position on the plant, and time of day (Ebeling, 1939; Fogg, 1947) . Variability with age may be attributed partly to resistance of the wax layer to weathering. It has been shown (Juniper, 1959b) that some leaves retain nonwettability (high contact angle) until senescence, whereas others do so only for a few days. High spraying pressure (Silva-Fernandes, 1964) , immersion in water (Adam, 1958; Juniper, 1959b) , dust (Ebeling, 1939) , and buffeting by wind (Hall and Jones, 1961) have been observed to make leaves more wettable (lower contact angle); the buffeting is associated with removal of wax from the dome-shaped cuticle overlying the epidermal cells. Greater transpiration during the cuticular phase was noted from clover leaves brushed to simulate wind damage (Hall and Jones, 1961) ; in this connection light dry-brushing or wiping with 5 per cent ether increased foliar absorption of choride by excised citrus leaves (Malcolm, 1967) . Electron microscope studies (Hall and Donaldson, 1961; Juniper, 1960) indicate that only a few species are capable of regaining a high contact angle after the wax layer has been weathered.
Modification of leaf surfaces to increase contact angle could conceivably reduce foliar uptake of choride or other ions. Leaves grown in sunlight and under "rater stress develop more wax than do well watered shade-grown leaves (Skoss, 1955) , and also develop higher contact angles. On the other hand, addition of trichloroacetic acid to soil reduces surface wax and contact angle of pea leaves (Dewey, Hartley and McLauehlan, 1962 ; Juniper, 1959a) . Perhaps it may be possible to increase wax production by the use of some similar principle, but no case of this having been done is known to the authors. Breeding for nonwettability may offer promise, as it has been shown for eucalyptus (Barber and Jackson, 1957 ) that differences in wax coverage in different environments are highly heritable. The other possibility is to apply a water-repellant coating to leaves. Because many leaves are already highly water repellant (Juniper, 1959b) , such coatings would need to be either of a highly structured wax layer, since smooth wax surfaces do not have exceptionally high contact angles (Adam, 1958) , or of a material such as silicone, which in thin films may raise contact angles a great deal (Adam, 1958) .
Wettability of the leaf is thus important in reducing contact of applied water with leaf surface. Penetration of the wax layer is facilitated by any factors which allow the contact angle to be reduced and permit the water on the leaf to come closer to the more polar (hydrophilic) cutin layer (Crafts and Foy, 1962; Hall, et al., 1965) . The ease with which ions may enter the leaf across the cutin layer varies with its thickness, hydration, imperfections, and composition SilvaFernandes, 1965; Orgell, 1957) , but more especially is affected by the presence or absence of stomata. Although some reports differ (Jyung, Wittwer and Bukovac, 1965) , in general it appears that entry of solutes into the stomata facilitates ion uptake, presumably by presenting both a larger and a more permeable surface for absorption Silva-Fernandes, 1965; Skoss, 1955; Wallihan, Embleton and Sharpless, 1964) . Moreover,in the case of plants with relatively impermeable cuticles, ion uptake occurs primarily through the sub-stomatal surfaces. Another method of reducing foliar ion uptake would therefore be to cover the leaves with a film capable of preventing entry of solution into stomata or imperfections in the cuticle. Closure of stomata with metabolically active sprays may also be effective. It has been argued (Slayter and Bierhuizen, 1964 ) that transpiration reduction by the closing of stomata, or use of films or other means, should be possible without seriously affecting gaseous exchange by the leaf. A recent review (Gale and Hagen, 1966) warns of the impermeability to CO 2 of film materials used as anti-transpirants. Consequently, growth effects of materials used in this study have been tested and are reported separately (Malcolm and Stolzy, 1968) .
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Entry of aqueous solutions into stomata and insect spiracles (Ebeling, 1939) has been represented by the formula for height of capillary rise of a liquid. The height in this expression is directly proportional to the surface tension of the liquid and the cosine of the contact angle. Therefore, wettability of the leaf will influence both the spread of irrigation water on the leaf and its entry into pores. It has been suggested (T'urrell, 1947 ) that the raised nature of citrus stomata and the presence of resinous plugs in the stomatal openings will render entry of rainfall into citrus leaves improbable. However, the effect of raising the rim of the stomatal pit is likely to be of much less importance than contact angle.
Once ions have actually crossed the wax and cutin layers-whether via the stomata or not-there remains one means of preventing their accumulation. Diffusion gradients across the cuticle are maintained by metabolic processes which insure a 'sink for the particular ions within the leaf (Jyung and Wittwer, 1964) ; Moorby, 1964; Sargant and Blackman, 1965) . These processes may be prevented and accumulation stopped by the use of metabolic inhibitors (Jyung and Wittwer, 1964) . Some work has suggested that materials such as urea may increase the permeability of the cuticular membrane (Yamada, 1962) , and other studies have shown absorption to be affected by pH of the sprayed solution (Orgell, 1957) .
In the present study, the effect of silicones and film-forming polymer latices on foliar uptake of choride is investigated. The use of metabolic inhibitors or materials likely to affect membrane permeability has not been studied.
MATERIALS
The materials used in the studies are listed below, together with their approximate chemical nature (if available) and the name of the supplier. Each material has been given a code number which will be used throughout this publication.
Code
Commercial In order to insure coverage of treated plant surfaces, it has been necessary to add a surfactant to the above materials. The non-ionic surfactant used for this purpose was CS-555. Other surfaetants could be used in similar studies.
METHODS
(2)
Diffusion resistance of impregnated filters. In attempting to imitate coating of a leaf in an inert system, unsatisfactory attempts were made to coat materials including cellophane paper, Saran plastic film, waxed paper, and filter paper with latex materials. Finally, 47-mm-diameter Acropor AN 200 filters were used. These filters, which have a maximum pore size of 0.20 microns, consist of an acrylic polyvinylchoride copolymer reinforced with nylon cloth. F'ilters were impregnated with a range of concentrations (10, 25, 50, and 75 per cent) of material L5 by dipping, rolling out the excess on a sheet of clean glass, and hanging the filter to dry. Each filter was then placed over the opening of a specially constructed aluminum cell sealed with silicone grease and clamped in place ( fig. 1 ). The cell was flushed with CO 2 , the input port sealed, and regular measurements made of the CO 2 and O 2 in the cell as the former diffused out and the latter into the cell through the filter being tested. Beekman CO2 and O 2 electrodes were used for the measurements.
A drop of distilled water was then placed in each cell, the electrode holes stoppered and the loss of weight with time measured with the cells standing in the fume hood. Finally, a drop of distilled water was placed on each filter and the ease of penetration noted. Equations (1) and (2) were used to calculate the diffusion resistance (R) of the filters. For derivation of equations (1) and (2) see Appendix.
For CO 2 and O 2 :
for H 2 0 :
where V =volume of cell (em") a =cross sectional area available for diffusion (ern") D =diffusion coefficient of the
Cs =concentration in cell assumed saturated (gm em")
Effacts of artificial coatings on chloride uptake. A glass chromatography sprayer was used to apply coatings to both sides of plant leaves; test spraying was used in each case to determine minimum concentration of surfactant needed for complete wetting of leaves. Coatings were allowed to cure overnight at least. Spray irrigation was accomplished by placing plant material, with containers suitably protected, in an 8-foot-diameter tray with shielding and drainage. Spraying was from above by means of a fixed sprinkler, and irrigation water (which was 0.5 per cent NaCI solution) was recirculated. Water in the reservoir was changed at intervals for cleanliness and to avoid concentration effects. Careful arrangement of plants beneath the sprinkler ensured even water applica- tion. Except for night versus day, treatments were sprinkled simultaneously.
For rapid and satisfactory removal of non absorbed salt remaining on leaves after irrigation treatment, leaves were held loosely between the fingers and agitated for 10 seconds in a breaker of deionized water into which deionized water was rushing from a tap. Washed leaves were oven dried at 65°C, ground in a pestle and mortar, and allowed to stand overnight in 100 ml of 0.05 N nitric acid. Chloride was determined by titrating against silver nitrate, the end point being found potentiometrically.
Details of each experiment will be discussed in turn. Experiment 1. Twigs having 4 to 6 leaves each were cut under water from Valencia orange trees in the orchard and placed with their stems sealed through stoppers into small bottles of deionized water ( fig. 2 ). Eight coating rnaterials were then applied in the morning to four replications of twigs which were then cured and sprinkler irrigated for 8 hours in the daytime. Leaves were removed, washed, and ovendried immediately after sprinkling. Conductivity of the water in the bottles was checked to insure no salt had entered.
Experiment 2. Sweet orange seedlings were grown in the glasshouse to about 60 cm in height, and kept trimmed to a single shoot. Six replications were then coated in the morning with each of the following: Sl at concentrations of 1, 3, and 6 per cent with CS-555 at 0.88 per cent, and L2 at concentrations of 10 per cent with 1.7 per cent CS-555, and 20 and 40 per cent with 2.5 per cent OS· 555; two days were allowed for curing. After removing control leaf samples, three replications were irrigated for 8 hours during the day and three for 8 hours at night. In sampling, leaves from top and bottom halves of each plant were kept separate, because they were from separate growth flushes and differed in age by several weeks. Sampling within each growth-flush was randomized to prevent age differences affecting the outcome.
Experi1nent 3. Twigs similar to those used in experiment 1 were used for this study. The following coatings were applied to five replications: L2 and L6 at 5 and 10 per cent, with 0.44 and 0.66 per cent OS-555, resp·ectively. Each coating was applied once for one treatment and twice and thrice to achieve two other treatment levels, time being allowed between applications for curing. Second and third coatings were applied in the afternoon of successive days. Twigs were irrigated for 8 hours during the day.
Experiment 4. Sweet orange seedlings were grown to a height of about 60 em as a single shoot, and then pruned back to 12 leaves each and fertilized. When all plants had initiated a shoot from the top leaf axil, 81 (3 per cent with 0.55 per cent OS-555), and L,3 (10 per cent with 0.66 per cent 08-555), were each applied to 16 plants. Eight plants from. each treatment and eight untreated plants were left in the glasshouse, and the same number were placed outside. Moisture usage, phytotoxic effects, and shoot growth are reported elsewhere (Malcolm and Stolzy, 1968) . After 24 days, the L3-treated plants from outside were recoated using 10 per cent LI3 with 1.98 per cent OS-555. Attempts to recoat either the Sl-treated pla.nts or the L3-treated plants from the glasshouse were abandoned because penetration of leaves occurred at levels of OS-555 needed for satisfactory spreading. Approximate measurements of contact angle of droplets of deionized water were made on ea.ch plant with a protractor, and a control sample-of leaves was removed for choride analysis. Two sam-75 ples of leaves from each plant were used for salt uptake studies by means of a dipping technique, one sample at night and one during the day. In each case, leaves were removed from the plant and quickly suspended for 8 hours in 3 ). Four replications were suspended in salt solution with 0.5 per cent OS-555 and four replications without surfactant. The remaining leaves on the plant were sprinkler irrigated for 8 hours by the technique described earlier, four of the eight replications being sprinkled during the day and four at night.
-----------------------------------------------------------------------

RESULTS
Diffusion resistance of impregnated filters. Table 1 shows the relative diffusion resistances of impregnated filters to CO 2 , O 2 , and water vapor, together with all indication of the ease with which a drop of water penetrated filters. Increasing concentration of the impregnating emulsion L5 from 10 to 25 per cent (vIv) caused a relatively small increase in diffusion resistance. The use of 50 and 75 per cent L5 emulsion caused a marked increased in diffusion resistance for CO 2 and O 2 • At all concentrations liquid water placed on top of the filter penetrated to the lower side. Slowest penetration was at the 75 per cent concentration, but penetration to the lower surface even in this case occurred within 2 minutes. The high value for resista.nce to water vapor diffusion with 10 per cent latex impregnation indicates that the rate of diffusion of water vapor to the lower side of the filter may have been limiting in this case.
Effects of artificial leaf coatings on chloride uptake. Results here are expressed either as chloride levels occurring naturally or chloride found in the leaves after their treatments, and to appreciate the effect of treatments they must be compared with the control. In experiments 2 and 4, control samples were available from every plant treated and the amount of chloride in the control was subtracted from the level found in corresponding treated leaves at the end of the experiment. This resulted in a negative value for uptake in a few cases, but not at a significant level.
Experim.ent 1. In this exploratory test leaf coatings may have had a profound effect on foliar chloride uptake. Coatings of L4 and CS-555 caused significantly higher (5 per cent level) chloride levels than were found in uncoated Valencia orange leaves (tables 2,3). No treatments produced significantly lower levels of chloride than did untreated leaves. However, results were extremely variable and it is possible that significant reductions in foliar chloride uptake could be achieved with coatings such as L1, L2, and L3, which produced lower chloride levels than did untreated leaves (though not significantly so) .
Experiment 2. Chloride uptake was significantly higher (0.1 per cent level) in sweet orange leaves sprinkled during the day rather than at night (table 3) . Differences were most spectacular in leaves treated with Sl, but were also appreciable in L,2-coated and uncoated leaves (interaction significant 0.1 per cent level). Old leaves usually took up ferent numbers of coatings of L2 or L6 (table 4) . However, some leaves coated with L6 contained significantly higher levels of chloride than did those coated with L,2 (5 per cent level). None of the coated leaves contained significantly less chloride than did uncoated leaves, and the majority did not differ significantly from the control (unsprinkled leaves). Experiment 4. As shown in experiment 2, sweet orange leaves once again took up significantly more (0.1 per cent level) chloride during the day than at night (table 5) . This was true for coated or uncoated leaves kept in the glasshouse whether they were wet by immersion or by sprinkling. Mature uncoated leaves kept outside the glasshouse for a month appeared to act in a reverse manner, and coated leaves kept outside gave smaller night-versus-day differences than did those kept in the glasshouse (interaction significant at 0.1 per cent level). Leaves kept outside took up significantly more (0.1 per cent level) chloride than those kept in the glasshouse, an effect which was much more marked for night uptake than day (interaction significant at 1 per cent • Results for similar leaves immersed in 0.5% NaCI solution containing enough CS-555 to give spreading on all leaves used were not significantly different from those in the table.
t Each figure the mean of four values for per cent Cion oven-dry basis. Statistical analysis indicates that all treatments effects, watering method and time, leaf coating, and glasshouse vs outside are significant at the 0.1% level, as was interaction between coatings and time of watering. Other significant interactions were glasshouse-outside vs time, and glasshouse-outside vs time coating, both at the 1% level.
t Negative values due to control leaves analyzing higher than treatment. • These data are for transpiration over a 2o-day period prior to the sprinkler application and are extracted from another paper (Malcolm and 8tolzy, 1968) .
t Each figure is the mean of eight determinations. level). Leaf coating treatments gave significant differences in chloride uptake (0.1 per cent level), S1-coated leaves being highest in every instance. However, the results for uncoated and L3-coated leaves were complicated by interaction (significant at 1 per cent level) with time of day and environment, i.e., glasshouse versus outside. In this connection the uncoated leaves kept for a month outside took up a more salt relative to the L3-coated leaves kept outside, than did coated and uncoated leave.s kept in the glasshouse. Analysis of variance on the results for nil-and L3-coated glasshouse leaves indicates that coating with L3 significantly reduced chloride uptake when sprinkling in daytime (1 per cent level). Contact-angle measurements (table 6) show that being outside instead of in the glasshouse lowered the contact angle of uncoated leaves (perhaps due to dust) but the contact angle of the S5-coated leaves has been increased if anything. Contactangle lowering of uncoated leaves was restricted to upper non-stomatal surfaces where dust accumulates.
DISCUSSION
Diffusion resistance of impregnated filters. It is surprising that a seal of 0.2p. pores in Acropor filters was not obtained in these studies, as evidenced by rapid penetration of liquid water through all treated filters. As brief studies on leaves and aluminum foil (reported in the next section) indicate that much larger pores can be bridged by latex film, it appears that other techniques for simulating leaf coating may be needed. The relatively low resistance to water vapor at 75 per cent may result from movement of water through the filter in the liquid phase. An initial lag of Ih to 2 hours in the loss of water vapor for 50 and 75 per cent concentrations was observed and indicates that water was absorbed by the filter. However, Waggoner (1965) has reported data on the resistance of l,...-thick films of various polymers to CO 2 and water vapor diffusion. In every case, the resistance to CO 2 diffusion was reported as being much greater. Figures for 75 per cent emulsion may reflect this effect, as some of the filter pores may be sealed at this concentration-as evidenced by slow movement of liquid water into and through the filter.
Effects of artificial leaf coatings on chloride uptake. The significant reduction of foliar chloride uptake by leaf coatings of L3 in experiment 4 supports the hypothesis that foliar uptake of chloride, and perhaps other ions, can be artificially reduced, Moreover, coatings which gave these encouraging results on mature citrus leaves kept in the glasshouse were 28 days old at the time of sprinkling, and may be assumed therefore to have good durability. The same films were found also to maintain their antitranspirant efficiency over the period of 28 days, and to exercise an insignificant effect on shoot growth in the glasshouse (Malcolm and Stolzy, 1968) . Results for plants kept outside during the 28-day period are less encouraging, but still suggest benefits from L3-coating in terms of less chloride taken up.
The use of silicone to reduce foliar chloride uptake has been singularly unsuccessful.
The significant increases in chloride uptake caused by silicone coating in some of the experiments may be of interest in the use of foliar sprays of plant nutrients. Similar increases in solute entry ha.ve been reported in using dimethyl sulfoxide (Leonard, 1966) . The m.echanism of the increase in uptake is obscure, as the contact angle of the S1-treated leaves in experiment 4 was as high as that of any treatment. Moreover, porosity of the leaves (which may be represented by the transpiration values in table 6) is, if anything, lower for Slcoated than for uncoated leaves. 'I'ime studies may reveal a change in contact angle on S1-coated leaves during sprinkling, because drop impact may cause re-emulsiflcation of the silicone and surfactant mixture on leaf surfaces -perhaps the silicone tends to remove resinous plugs reported to occur in citrus stomatal openings (Turrell, 1947) . The mechanism of reduction of uptake by coating-s of L3 is presumably by actual sealing of the leaf in a continuous film, as the contact angle of L3-coated leaves was lower than that of uncoated leaves, and higher uptake would therefore be expected. But transpiration figures indicate that L3-coated leaves lost less water, and perhaps lowered permeability of the leaves to water vapor was also expressed in lowered chloride uptake. The degree to which film is not continuous (Malcolm and Stolzy, 1968) would influence its efficiency, and could be a factor in failure of other latex coatings to reduce chloride uptake. The significant increases in chloride level caused by latices L4 and L6 may be related to a com.bination of contact-angle lowering (perhaps due to surfactant) and faulty film formation. Work on the dipping of Sultana grapes (Chambers and Possingham, 1963) has indicated tha.t increased water-loss rates are due to the filling of wax layers with emulsion to replace natural air spaces. A similar mechanism may explain some cases of increased chloride uptake.
Film across stomatal pit. The ability of a polymer emulsion to form a continuous film on a leaf will be affected by surface properties such as dirt and-the porosity of the surface (Chatfield, ] 962). Film formation from polymer emulsions occurs when evaporation of the water phase brings the minute droplets of the dispersed polymer phase into such close contact that they coalesce into a film (Chatfield, 1962) . Because droplets of polymer are commonly of the order of 0.2,... diameter, any surface faults such as cracks or stomata which exceed this size could cause film faults and allow water entry. Very fine dirt may act as does paint pigment and decrease permeability of the film (Chatfield, 1962), but larger particles such as fine sand or silt may cause the film to stretch and provide weak points. Faults in latex films on leaf surfaces have been discussed by oth-er workers recently (Waggoner, 1965, and Poljakoff-Mayber, 1967) . This may be the reason for the greater chloride exclusion by 4-\veek-old L3-coatings on glasshouse Nadel, 1935.) plants in experiment 4 as compared with coatings applied to the dusty plants from outside just before sprinkling. Further work is needed to demonstrate the effects of stomatal opening and dirt on film formation and chloride exclusion; however, microscopic examination of L3-coa ted leaves indicates that a film forms across the opening of the stomatal pit ( fig. 4, B) . Tests were made of the ability of La to form films across pinpricks in aluminumfoil when applied to the raised side, to simulate domes of cuticle above stomatal pits in orange leaves (Nadel, 1935) . Examinati.on revealed that films had indeed formed across the openings, which were of the order of 250ft diameter (over 50 times that of the openings of the stomatal pits) . Surfactant in film formation. A feature of the present studies has been the very high concentrations of surfactant required to overcome the hydrophobic nature of the waxy leaf surface. The possible arrangement of surfactant molecules and polymer micelles is shown in figure 4 ,A. The lipophillic ends of the surfactant molecules added to the ernulsion to achieve spreading would be concentrated by adsorption at the waxy leaf surface, leaving their hydrophillic ends in the water matrix. As water evaporates, any excess molecules of surfactant would combine to form micelles or adsorb onto either the leaf surface or the polymer droplets by mea.ns of their lipophillic ends. A further layer of surfactant molecules would be concentrated at the air-emulsion interface. When polymer droplets coalesce into a film, the surfactant will perhaps form a layer beneath the film, lipophillic ends outermost, and will be bonded through a water layer and a second surfactant layer to the leaf surface (as in fig. 4, C) . Because surfactants are used at such high concentrations, and because they are important in film formation and adhesion, it is likely that research on a range of surfactant materials in relation to salt exclusion by films would be rewarding. Work reported elsewhere (Malcolm and Stolzy, 1968) indicates the effect of surfactant concentration on polymer films formed on perforated aluminum foil.
Night-versus-day in chloride uptake.
The magnitude of the night-versus-day effects on chloride uptake in experiments 2 and 4 are apparently due to uptake through the stomata during the day and prevention of uptake at night by stomatal closure. In experiment 2 it can be postulated that the high chloride levels reached with S1-coated leaves are due to the silicone facilitating stomatal entry, as uptake at night was negligible. Penetration of stomata by silicone oils has been shown to be rapid (Leonard, 1958) . However, the influence of night and day may not be restricted to movement of stomata and the possibility, for example, of changes in activity of ectodesmata (Franke, 1964) may explain day-versus-night differences. The low chloride levels obtained with night sprinkling on glasshouse-grown leaves indicate the efficiency of both the closed stomates and the cuticle in preventing uptake. On the other hand, leaves grown to maturity inside the glasshouse and then kept outside for a month took up considerable amounts of chloride during night sprinkling. The effect was more noticeable in the uncoated and 81-coated leaves than in the L3-coated leaves which were recoated a few days before sprinkling. These differences cannot be explained in terms of contact angles of the lower surface of the leaves (table 6), but perhaps outside leaves suffered mechanical damage which allowed salts to enter-strong winds towards the end of the experiment removed some leaves and caused damage to others (Malcolm and Stolzy, 1968) . Apparently, effects of leaf surface permeability, stomatal or cuticular, as it may influence passive foliar uptake, and metabolic activity of the leaf-as it may influence active foliar uptake of ions-are confounded in these results.
SUMMARY
Significant reductions in foliar chloride uptake during sprinkling with NaCI solution were obtained by coating citrus leaves with an acrylic polymer latex. Other coatings including both latices and silicones caused significant increases in foliar chloride while others had no significant effect. Successful coatings may have formed a continuous film on the leaf across the raised openings of the stomatal pits. The importance of surfactants in coating leaves with latex is discussed.
Marked decreases were obtained in chloride uptake of citrus leaves by sprinkling at night, as compared with day sprinkling, when evaporation was not a factor. The efficiency of sweet orange leaves grown in the greenhouse in keeping out chloride was reduced by leaving the plants outside for 1 month prior to sprinkling.
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